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(54) PRODUCTION METHOD OF ADHESIVE MATERIAL AND ADHESIVE MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a compound adhesive material strongly 
adhered to the surface of a base material by a filmy 
material and a bulky material, and the adhesive material 
given by a specified function and property. 
SOLUTION: The filmy material or bulky material is 
formed on the surface of a base material sample and the 
material which is adhered strongly to the surface of the 
base material sample is produced by applying a 
centrifugal force in the course of heating. That is to say, 
(1) the material is formed or placed on the surface of the 
base material sample, (2) the above resultant material is 
heated, (3) the centrifugal force is applied in the course 
of heating, and (4) the material is obtained which is 
strongly adhered to the surface of the base material 
sample by steps (1)-(3). 
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[TITLE OF THE DOCUMENT 3 SPECIFICATION 



[title of the invention] method of production of adhesive material 
and adhesive material 
[patent claims 1 

[Claim 1 ] A method for manufacturing an adhesive material in 
Which a material is tenaciously bonded to the surface of a base 
sample, characterized in: 

(1) forming or mounting the material on the surface of the base 
sample, 

(2) heating the material, 

(3) ln^oaing a centrifugal force during the heating step, and 

(4) obtaining an adhesive material in whiah the material is 
tenaciously bonded to the surface of the base sample by means of 
steps (1) to (3). 

[Claim 2 3 The method according to claim 1, wherein the base 
sample is a plastic, metal, single arystal, or ceramic ♦ 

[Claim 3 1 The method according to claim 1, wherein a substrate 
of any shape is used as the base material. 

[Claim 4 ] The method according to claim 1, wherein the material 
is an organic substance, metal, or ceramic in bulk or film-like form. 

[Claim 5 3 The method according to claim 1, wherein the material 
is heated at a tenqperature o£ 30 to 1,900°C. 

[Claim 6 3 The method according to claim 1, wh e rein the 
centrifugal force of 10" 3 to 10 s N imposed during the heating step is. 

[Claim 7 3 An adhesive material wherein a material is tenaciously 
bonded to the surface of a base sample, said adhesive material 
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manufactured by imposing a prescribed pressure on the material by way 
of a pressure means In a noncontaot state without directly imposing 
mechanical pressure on the material in accordance with the method 
described In any one of claims 1 to 6. 

[Claim 8 3 A composite member, characterized in comprising the 
adhesive material of claim 7 as a constituent component* 
[detailed explanation of the invention ] 



The present invention relates to a method for manufacturing an 
adhesive material in which the material is tenaciously bonded to the 
surface of a base sample; an adhesive material produced thereby; more 
particularly a method for manufacturing an adhesive material in which 
organic substance, metal, ceramic, or other material, for example, is 
tenaciously bonded to plastic, metal, single crystal, ceramic, glass, 
or another surface of a base sample, for example; and an adhesive 
material produced thereby. 

The present invention is useful as a method for providing a 
novel technology for fabricating a composite adhesive material 
endowed with prescribed functionality and physical properties, in 
which a material is tenaciously bonded to the surface of a base 
sample with a simple operating process by Imposing a prescribed 
pressure oh the material by way of a pressure means in accordance 
with a nonoontact method without directly Imposing mechanical 
pressure on the material. 



[00013 



[Technical field to be belonged to the invention] 



[0002] 
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[prior art ] 

Bonding different types of materials or bonding materials of the 
same type is an important technology from the standpoint of endowing 
base samples with new functions, bringing together or compounding 
material functions, and Improving thermal resistance and thermal 
shock characteristics. Normally, bonding different types of 
mate rials or bonding materials of the same type involves the adoption 
of either (1) a method for inserting an intermediate material between 
materials, or (2) a method for applying mechanical pressure to a 
material to be bonded. Of these methods, method (1) uses as a 
bonding material a material that normally forms a liquid phase at a 
low melting point or softens at a low temperature* Furthermore, 
stress -alleviating material is sandwiched and bonded between the 
materials to be bonded in order to alleviate stress that is generated 
by the difference in thermal expansion of the materials. 



However, when this type of bonding material and stress - 
alleviating material is used, problems occur in that the bonding step 
becomes complicated, the bonding material or the stress-alleviating 
material portion becomes a source of breakage, and so on. A lead- 
based material is used in large quantities as the low-melting bonding 
material, but from the standpoint of water pollution, environmental 
pollution, and sanitary considerations, the use of lead-based 
materials has been restricted in recent years. Next, bonding is 
carried out through the use of a hot -press sintering device, a 
crimping device, or another device when materials that having a 
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thickness of several centimeters or more are bonded with the methods 
described In (2) above. In this case, there are advantages in that 
bonding materials and stress-alleviating materials can be dispensed 
with, but the drawbacks include the fact that the size of the sample 
that can be bonded is limited by the size of the hot press push rod, 
a processing and removal step is required because the contact surface 
with the push rod becomes soiled, the thickness of the material to be 
bonded is limited, and bonding a material to the surface of a sample 
with a complex shape is difficult. 



The inventors, in view of the prior art described above, 
perfected the present invention through thoroughgoing research with 
the goal of developing a novel material bonding technology that is 
capable of wholly solving the drawbacks of prior art, and discovered 
a method for bonding material to the surface of a base sample, 
wherein it is possible to easily manufacture a composite adhesive 
material in which the material is tenaciously bonded to the target 
base sample by imposing a prescribed centrifugal force when the 
material is heated. 



In other words, the present invention provides a bonding method 
for tenaciously bonding a material to the surface of a base sample. 

The present Invention provides a method for manufacturing a 
composite adhesive material in whioh a material has been tenaciously 



[0004] 



[The subject to be solved by the invention ] 



[0005] 
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bonded to the surface of the base sample with the above-described 
method* 

The present Invention further provides an adhesive material 
endowed with prescribed functionality and physical properties and 
manufactured by imposing a prescribed pressure on the material by way 
of a pressure means in a noncontact manner without directly imposing 
mechanical pressure on the material in accordance with the method 
described above* 



following technical means. 

(1) A method for manufacturing an adhesive material in which a 
material is tenaciously bonded to the surface of a base sample, 
characterized in: 

1) forming or mounting the material on the surface of the base 
sample, 

2) heating the material, 

3) imposing a centrifugal force during the heating step, and 

4) obtaining an adhesive material in which the material is 
tenaciously bonded to the surface of the base sample by means of 
steps 1) to 3). 

(2) The method according to above (1), wherein the base sample is a 
plastic, metal, single arystal, or ceramic. 

(3) The method according to above (1), wherein a substrate of any 
shape is used as the base material* 



[0006] 



[Means to solve the subject of the invention] 

The invention to solve the subject is constituted by the 
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(4) The method according to above (1), wherein the material is an 
organic substance, metal, or ceramic in bulk or film- like form. 

(5) The method according to above (1), wherein the material is heated 
at a temperature of 30 to 1,900°C. 

(6) The method according to above (1), wherein the centrifugal force 
of 10" 3 to 10* N Imposed during the heating step is* 

(7) An adhesive material wherein a material is tenaciously bonded to 
the surface of a base sample, said adhesive material manufactured by 
Imposing a prescribed pressure on the material by way of a pressure 
means in a noncontact state without directly imposing mechanical 
pressure on the material in accordance with the method described in 
any one of above (1) to (6). 

(8) A composite member, characterized in comprising the 
adhesive material of above (7) as a constituent component. 

[0007] 

[Form of enforcement of the invention] 

In the present invention, film- like material or bulk material is 
mounted on the surface of a target base sample, and a prescribed 
centrifugal force is Imposed during heating, thereby manufacturing a 
composite adhesive material endowed with prescribed functionality and 
characteristics by tenaciously bonding the film- like material or the 
bulk material to the surface of the base sample to provide a 
ccfltposlte adhesive material. In this case, the film- like material 
may, for exan^ple, be a hard film, electrooonduotive film, 
nonconductive film, piezoelectric film, or the like, but the film- 
like material is not limited to these. These materials are applied 
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to the surface of the base material toy coating, screen printing, sol- 
gel process, sputtering, or another method. The bulk material is 
exemplified by a ceramic with thermal resistance, a heat-resisting 
alloy, and the like, but the bulk material is not limited to these. 
These materials are applied to the surface of the base sample with a 
suitable means. 
[0008] 

The target base sample of the present invention is exemplified 
by plastic, metal, single crystal, ceramic, glass, and the like; and 
the material to be bonded is exemplified by an organic substance, 
metal, ceramics, and the like, but the material to be bonded in not 
limited to these, and materials that have the same effect as these 
may be similarly used. In the present invention, the base sample can 
be endowed with desired functionality and dharaoteristics by 
appropriately combining the base sample with the material to be 
bonded. In the present Invention, specific advantageous examples of 
the base sample and the film- like or bulk material include a 
composite material composed of an inorganic film, fabricated with the 
sol-gel process, and bonded to a single crystal substrate; and a 
composite material composed of a ceramic-based hard film and bonded 
to a plastic base material. However, these are representative 
examples of the present invention, and the present invention is not 
limited to these* 
[0009] 

The basic principle of the present invention is exemplified by 
mounting a base sample and the sample to be bonded in a prescribed 



7 



"2005tlOU24B"2»39» SIP 




NO. 2314 P. 39 



position in a bonding device that includes a disc or a rotor that 
rotates at a high speed, and imposing a centrifugal force on these 
samples during heating, thereby tenaciously bonding the film-like 
material or the bulk material to the base sample. 

In this case, the centrifugal, force F that is Imposed is 
described by the following equation. 



In the equation, m is the mass of the material, r is the 
position of the sample from the center of the disc or rotor, and co is 
the angular velocity of the disc or rotor. She centrifugal force 
that is imposed becomes greater with increased specific gravity of 
the material, increased position of the sample from the center of the 
disc or rotor, and increased angular speed of the disc or rotor. The 
angular velocity of the disc or rotor is proportional to the 
rotational speed of the disc or rotor, so the centrifugal force 
increases with the high-speed rotation of the disc or rotor. As a 
result, the distance of the sample from the center of the rotating 
disc or rotor is preferably long, and the rotational speed of the 
disc or rotor high, when an adhesive material with high bonding 
strength is desired* In the present invention, these rotational 
speeds are advantageously set to 500 to 100,000 rpcn. 



The bonding strength between materials increases as the 
centrifugal force that is imposed during heating becomes greater, but 
the imposed centrifugal force is determined by the mass of the 
material to be bonded, the distance of the sample from the center of 
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the disc or rotor, and the rotational speed of the disc or rotor, as 
shown in equation above, and, as a result, the centrifugal force 
required for bonding can be generated by mounting the sample at a 
distance further from the center of the disc or rotor, and Increasing 
the rotational speed of the disc or rotor when the mass of the 
material is small, for example. 



In the present invention, the centrifugal force required for 
bonding is appropriately set to 1CT 10 to 10 8 N. The minimum value of 
the centrifugal force here Is preferably set to 1CT 10 N because a 
large centrifugal force Is not required when powders are bonded, for 
example. The maximum value is preferably set to 10 s because a 
pressure load on a par with hot pressing Is required for bonding some 
materials, for example. 



FIG* 1 shows a schematic diagram of the method for bonding 
materials by imposing a centrifugal force* A centrifugal force 



rotation is imposed on the material (film-like material or bulk 
material) to be bonded. The film- like material or the bulk material 
is firmly pressed to the surface of the base sample (substrate) by 
the centrifugal force, and the bonding characteristics thereof are 
improved at the same time by the production of an interfaclal 
reaction or the like between the material and the base sample. 

The method of the present invention entails imposing a 
prescribed pressure on the material by way of a pressure means in a 



[oon] 



[0012] 



generated from the radial direction of the disc by the high-speed 
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noncontact manner, so the generation of byproducts and soiling of the 
surface of the sample after baking are held in check, and a composite 
adhesive material in which a film- like material or a bulk material is 
tenaciously bonded to the surface of the base sample can be obtained 
in a clean environment. 



The heating temperature for causing a film-like material or bulk 
material to tenaciously bond to the surface of the base sample is not 
particularly limited in the present invention . This is due to the 
fact that the diffusion rate of the substance and the interf aoial 
reactivity of the materials differ greatly depending on the objective 
material types ♦ A baking temperature of 400°C is adopted when 
bonding S1Q* film to a stainless steel substrate, for example, as 
shown in an example described below, but these are details that may 
be appropriately decided in accordance with the objective material 
type. In the present invention, a composite material with the 
desired functionality and characteristics may be synthesized by 
appropriately selecting the objective material type for these. 



■The bonding device that is used in the method of the present 
invention for bonding a base sample and a film- like or bulk material 
is one that includes as constituent elements thereof at least a drive 
means having a function for high speed rotation at a prescribed 
rotational speed, a disk or rotor mounted so that it can be rotated 
by the drive means, and a holding means that has a function for 
holding the base sample (substrate) and is formed on the peripheral 
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portion on the disc or rotor. A specific structure of these is 
exemplified by a device comprising a work holder with a sample 
platform capable of high speed rotation, a heating unit for heating 
the work holder, a temperature control unit for controlling the 
heating temperature of the heating unit, a rotation unit for rotating 
the work holder, a rotation speed control unit for controlling the 
rotational speed of the rotation unit, a magnetic bearing unit with a 
vacuum seal, and a lid for hermetic sealing ♦ However, the present 
invention is not limited to these, and these devices may be designed 
with any specification in accordance with the type, shape, objective, 
or other factors. 



In the present invention, a film- like material or bulk material 
is formed or mounted on the surface of a base sample, and a 
centrifugal force is imposed during the heating step, whereby a 
composite adhesive material in which these materials are tenaciously 
bonded to the surface of the base material is manufactured; and the 
film- like material or the bulk material is tenaciously bonded to the 
surface of the base sample by imposing a prescribed centrifugal force 
on the base sample and the material in the steps in which these 
materials are heated and baked, thereby manufacturing a composite 
adhesive material endowed with prescribed functionality and 
characteristics. The film- like material or bulk material is firmly 
pressed to the surface of the base sample by the centrifugal force, 
an interfaclal reaction or the like is produced at the same time, and 
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[Function] 
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the bonding characteristics are Unproved, making It possible to 
fabricate a composite adhesive material with desired bonding 
characteristics, functionality, and characteristics by appropriately 
adjusting the heating, baking conditions, imposed centrifugal force, 
and other factors in accordance with the type of base sample and 
film- lite material or bulk material, the desired objective, or other 
factors . In the present invention, a prescribed pressure can be 
Imposed on the material by way of a pressure means in a nonoontact 
manner, making it possible to reduce the generation of byproducts and 
the soiling of the sample surface after heating and baking, which are 
inevitable drawbacks of conventional methods, and thereby to obtain a 
composite adhesive material in which a film-like material or a bulk 
material is tenaciously bonded to the surface of the base sample 
obtained in a clean environment* 



Example 1 

The present example describes the fabrication of a conposlte 
adhesive material in which an SiO* film is tenadously bonded to a 



1 # Fabrication of the adhesive material 

First, n-C4HgOH was added to SMOCaHsh (*= TEOS) and mixed? HjO 
required for hydrolysis and H 3 P0 4 as a catalyst were dissolved in 
C2H5QH and added to the system. The mixed compound blended 
composition of the solution related to film formation had a molar 
ratio Of TB0S:n-C4H9OH:C 2 H50HjH2p:H3PO4 - 1:7:7:7:0.05. This solution 
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[Examples] 



stainless steel substrate. 



12 



2005flOf]24B 22mn 



SIP 




NO. 2314 P. 44 



was applied to the surface of the stainless steel substrate with the 
dipping method, and this was taken as the test material (sample 
thickness: about 500 ran) . 



The heating (baking) of the material was conducted at the baking 
temperature, time, and centrifugal force shown In each of the 
processes below. 

(1) : Baking temperature: 400°C; holding time: 1 minute 

(2) : Baking temperature: 400°C; holding time: 1 minute; centrifugal 
force: 1 x 10"^ (with respect to the film on the substrate) 

(3) : The process in (1) and the process in (2). 

[0018] 
2. Test results 

The bonding characteristics of the SIQ2 film on the stainless 
steel substrate were evaluated according to the following method* 
Uniaxial stress was applied to the stainless steel substrate with the 
attached SiCfe film with the aid of a tensile tester , and the 
substrate was extended 1%. Next, a peeling test was performed with 
Cellotape (registered trademark) , and the bonding characteristics 
were then quantitatively evaluated from the surface area of the SIO2 
film that remained on the stainless steel substrate. The sample 
surface after the peeling test was observed with a scanning electron 
microscope, and the area ratio of the SiQ* film was calculated by 
processing the image. 



[0017] 



[0019] 
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Table 1 shows the remaining surface area percentages of the SIO2 
film on the surface of the stainless steel substrate that was heated 
(baked) with the processes and conditions described in (1) to (3) 
above ♦ When the process was performed according to the conditions in 
(1), linear cracks were generated over the entire surface after a 
tensile test, and most of the SIO2 film was peeled off when the 
sample was subjected to the peeling test; as a result, the remaining 
surface area percentage of the SiOa film was 12%* On the other hand, 
no cracks were generated sifter the tensile test for the samples that 
were subjected to a centrifugal force and baked, and the SKfe film 
was not diminished even after the peeling test. As a result, the 
remaining surface area percentages of the S10 2 film on the surface of 
the substrate were 90% or more for the samples that were treated in 
accordance with (2) and (3). For the sarrgoles that were subjected to 
a centrifugal force and baked, it is thought that the samples 
expanded along with the expansion of the substrate because the 
material tenaciously adhered to the substrate ♦ 



[0020] 
TABLE 1 



HEAT TREATMENT CONDITIONS 


REMAINING SURFACE AREA PERCENTAGE 
(%) OP SiOa FILM 


(1) Baking temperature: 400°C; 
holding time: 1 minute 


12 


(2) Baking temperature : 400°C; 
holding time: 1 minute; 
centrifugal force: 1 x 10"^ 


98 


(31 fl) + (2). 


94 


[0021] 
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Exans>le 2 

The present example is described with reference to the 
fabrication of a composite adhesive material in which a metal 
particulate film is formed on a substrate and heated under a 
centrifugal force. 

1. Fabrication of the adhesive material 

Conmeroial - grade particulate copper powder (average particle 
diameter: 3 microns) was placed in a solvent (main component: 
polyethylene glycol) to prepare a paste. The resulting paste was 
placed on a screen and printed on a silica glass substrate. After 
printing, the substrate was heated in the atmosphere at 110°C. The 
paste on the substrate was subjected to a centrifugal force of about 
1 x lO" 4 N while being heated to 600°C at a temperature increase rate 
of 10°C/fcnin in a vacuum, and then held for five minutes at 600°C and 
furnace cooled. As a comparison, a substrate with film formed 
thereon was heated under the same conditions without rotation. 

[0022] 

2. Test results 

The adhesive strength of the copper film on the silica glass 
substrate was evaluated with a tensile test. The tensile test is a 
method in which a small, stiff needle is pressed against the copper 
film, the load is gradually increased, the needle is moved, and the 
load is measured whan the copper film is peeled away. By applying a 
load to press the needle to the copper film on the substrate, the 
force required by the needle to break the film, that is to say, the 
force required to scratch the film and to peel it away from the 
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substrate , was measured to determine the adhesive strength of the 
film to the substrate. 



FIG. 2 shows the relationship between the load placed on the 
needle (needle tip load) and the resistance exerted on the needle. 
When a load of 345 g was applied to the film that resulted from 
Imposing a centrifugal force, only a portion of the film was 
completely removed from the substrate . On the other hand, when a 
load of 223 g was applied to the film resulting from no centrifugal 
force Imposed thereon, the film was removed from the substrate. 
Here, the resistance exerted on the needle was 70 gf for the film 
that was treated with centrifugal force, and 38 gf for the film that 
was only heated and not treated with centrifugal force. From these 
results it is apparent that the film resulting from Imposing a 
centrifugal force during heating tenaciously bonds to the substrate, 
and has strong adhesive strength. 

[0024] 
Example 3 

The present exanple is described with reference to the 
fabrication of a composite adhesive material in which aluminum metal 
is bonded to an aluminum nitride base material* 
1. Fabrication of the adhesive material 

An aluminum nitride sinter was fabricated with the method 
described below. First, 5 mass% of yttria was added to commercial- 
grade aluminum nitride powder, and the components were mixed using 
methanol as a solvent in a ball mill. After the powder was dried, it 
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was heated under a nitrogen atmosphere for three hours at 1 , 800°C to 
fabricate a ceramic sinter. The resulting sinter was thereafter 
worked Into the form of a plate having the dimensions 
10 mm x 10 mm x 3 nm (thickness), and this plate was used as the base 
sample • 



The metallic aluminum was obtained by working commercial-grade 
99*999% pure aluminum into the form of a plate having the dimensions 
10 nm x 10 mm x 3 ircn (thickness), and this plate was used as the 
sample for bonding* The aluminum nitride and metallic aluminum were 
fixed with an organic adhesive and baked under a centrifugal force. 

The baking of the material was conducted at the baking 
temperature, time, and centrifugal force shown in each of the 
processes below. 

(1) : Baking temperature: 500°C; holding time: 1 minute 

(2) : Baking temperature: 500°C; holding time: 1 minute; centrifugal 
force: 1 x 10"^ 

[0026] 
2. Test results 

The adhesive aluminum nitridefotetallic aluminum article was 
evaluated with a tensile test* A test piece was out from the 
adhesive article on both sides of the boundary of the adhesive 
article, a metal tensile test piece Jig was attached to both ends of 
the test piece with an instant adhesive, and the tensile test was 
carried out at roan temperature with a tester. The sample on which a 
centrifugal force was not imposed broke Immediately at a tensile 
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strength of 2,3 MPa. On the other hand, the sample on which a 
centrifugal force of 1 x 10" 6 N was imposed had a tensile strength of 
80 MPa, and It was apparent that the sample on whloh a centrifugal 
force was imposed and baked exhibited a tenacious bond* 
[0027] 

[Effect of the Invention 3 

As described above, the present Invention also relates to a 
method for manufacturing an adhesive material and an adhesive 
material, and the following effects can be obtained ♦ 

(1) In the method for bonding a film-like material or bulk 
material to the surface of a base sample, a composite adhesive 
material in whidh the film- like material or bulk material is 
tenaciously bonded to the surface of the base sample can be 
manufactured by Imposing a prescribed centrifugal force When the 
material is heated. 

(2) An adhesive material can be manufactured by a method in 
which a prescribed pressure is imposed on the material by way of a 
pressure means in a noncontact manner. 

(3) As a result, the generation of byproducts and the soiling of 
the sample surface after baking are held in check, and a composite 
adhesive material in which a film- like material or a bulk material is 
tenaciously bonded to the surface of the base sample can be obtained 
in a clean environment. 

(4) An adhesive material endowed with prescribed functionality 
and characteristics can be manufactured. 
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[brief explanation of the drawing] 
[Fig. l] 

Fig* 1 snows a method for bonding a material (film- like material 
and bulk material) to a base sanple by Imposing a centrifugal force 
during heating; and 
[Fig. 2] 

Fig. 2 shows the relationship between the load placed on the 
needle (needle tip load) and the resistance exerted on the needle. 



19 



2005*1 0JI24B 22BH0A 



SIP 




NO. 2314 P. 51 



[TITLE OP THE DOCUMENT 3 ABSTRACT 
[SUMMARY ] 

[SUBJECT 1 A process for producing a bonded composite material 
which comprises a base sample and another material tenaciously bonded 
to a surface of the base, and the composite material endowed with 
prescribed functionality and physical properties are provided* 

[MEANS TO SOLVE THE SUBJECT ] A method for manufacturing an 
adhesive material In which a material is tenaciously bonded to the 
surface of a base sample* characterized Ins (1) forming or mounting 
the material on the surface of the base sample, (2) heating the 
material. (3) imposing a centrifugal force during the heating step, 
and (4) obtaining an adhesive material in which the material is 
tenaciously bonded to the surface of the base sample by means of 
steps (1) to (3), and the adhesive material. 
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